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Be it known that we, MICHAEL C. PIRRUNG, a 
resident of the City of Durham, State of North Carolina, 
.J. LEIGHTON READ, a resident of the City of Palo Alto, 
State of California, STEPHEN P.a. FODOR, a resident 
of the City of Palo Alto, state of California, and 
LUBERT STRYER, a resident of the City of Stanford, 
State of California, citizens of the United states of 
America, have invented new and useful improvements in 
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BACKGROUND OF THE INVENTION 

The present inventions relate to the synthesis 
<.°£n a *-«»rials at known locations. In 
^^ oTZ^nt of the inventions provides a 

P r h o e d td associated apparatus for 

„ vnovm locations on a singxe 
chemical seguences . 1 ^ for 

SUbStrate . SUr ': fU ld of preparation of oligomer, 

^lymer', or drug ~ "S^TTT^ 
create sources of chemical diversity 10 

for biological activity. c< - 1 - uc ture and activity 

The relationship between structure an 
, is a fundamental issue in the study of bio 

certain macromolecules are known to in 
and hind to other molecules having a ver, speci 
dta ensional spatial and electronic consldered 
la r,e molecule having such ^*" £lc1 ^ ° 3 " * hydrolys is 
a receptor, whether it is an enzyme catalyzing y 
'o/a metah^ic intermediate, * cell-surfac* , pr te n 
dieting memhrane 

serving to identify a particular cell 



an IgG-class antibody circulating in the plasma, an 
oligonucleotide sequence of DNA in the nucleus, or the 
like. The various molecules which receptors selectively 
bind are known as ligands. 

Many assays are available for measuring the 
binding affinity of known receptors and ligands, but the 
information which can be gained from such experiments is 
often limited by the number and type of ligands which are 
available. Novel ligands are sometimes discovered by 
chance or by application of new techniques for the 
elucidation of molecular structure, including x-ray 
crystallographic analysis and recombinant genetic 
techniques for proteins. 

Small peptides are an exemplary system for 
exploring the relationship between structure and function 
in biology. A peptide is a sequence of amino acids. 
When the twenty naturally occurring amino acids are 
condensed into polymeric molecules they form a wide 
variety of three-dimensional configurations, each 
resulting from a particular amino acid sequence and 
solvent condition. The number of possible pentapeptides 
of the 20 naturally occurring amino acids, for example, 
is 20 s or 3.2 million different peptides. The likelihood 
that molecules of this size might be useful in receptor- 
binding studies is supported by epitope analysis studies 
showing that some antibodies recognize sequences as short 
as a few amino acids with high specificity. Furthermore, 
the average molecular weight of amino acids puts small 
peptides in the size range of many currently useful 
pharmaceutical products . 

Pharmaceutical drug discovery is one type of 
research which relies on such a study of structure- 
activity relationships. In most cases, contemporary 
pharmaceutical research can be described as the process 
of discovering novel ligands with desirable patterns of 
specificity for biologically important receptors. 



Another example is research to discover new compounds for 
use in agriculture, such as pesticides and herbicides. 

Sometimes, the solution to a rational process 
of designing ligands is difficult or unyielding. Prior 
methods of preparing large numbers of different polymers 
have been painstakingly slow when used at a scale 
sufficient to permit effective rational or random 
screening. For example, the "Merrif ield" method ( J, Am, . 
Phem. Soc. (1963) fi5_: 2149-2154 , which is incorporated 
herein by reference for all purposes) has been used 
to synthesize peptides on a solid support. In the 
Merrif ield method, an amino acid is covalently bonded to 
a support made of an insoluble polymer. Another amino 
acid with an alpha protected group is reacted with the 
covalently bonded amino acid to form a dipeptide. After 
washing, the protective group is removed and a third 
amino acid with an alpha protective group is added to the 
dipeptide. This process is continued until a peptide of 
a desired length and sequence is obtained. Using the 
Merrif ield method, it is not economically practical to 
synthesize more than a handful of peptide sequences in a 
day. 

To synthesize larger numbers of polymer 
sequences, it has also been proposed to use a series of 
reaction vessels for polymer synthesis. For example, a 
tubular reactor system may be used to synthesize a linear 
polymer on a solid phase support by automated sequential 
addition of reagents. This method still does not enable 
the synthesis of a sufficiently large number of polymer 
sequences for effective economical screening. 

Methods of preparing a plurality of polymer 
3 sequences are also known in which a^ ioraminous container 
encloses a known quantity of reactive particles, the 
q particles being larger in size than^f££awtna of the 
container.. The containers may be selectively reacted 
with desired materials to synthesize desired sequences of 
product molecules. As with other methods known in the 
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art, this method cannot practically be used to synthesize 
a sufficient variety of polypeptides for effective 
screening. 

Other techniques have also been described. 
These methods include the synthesis of peptides on 96 
plastic pins which fit the format of standard microtiter 
plates. Unfortunately, while these techniques have been 
somewhat useful, substantial problems remain. For 
example, these methods continue to be limited in the 
diversity of sequences which can be economically 
synthesized and screened. 

From the above, it is seen that an improved 
method and apparatus for synthesizing a variety of 
chemical sequences at known locations is desired. 

15 SUMMARY OF THE INVENTION 

An improved method and apparatus for the 
preparation of a variety of polymers is disclosed. 

in one preferred embodiment, linker molecules 
are provided on a substrate. A terminal end of the 
linker molecules is provided with a reactive functional 
group protected with a photoremovable protective group. 
Using lithographic methods, the photoremovable protective 
group is exposed to light and removed from the linker 
molecules in first selected regions. The substrate is 
then washed or otherwise contacted with a first monomer 
that reacts with exposed functional groups on the linker 
molecules. In a preferred embodiment, the monomer is an 
amino acid containing a photoremovable protective group 
at its amino or carboxy terminus and the linker molecule 
terminates in an amino or carboxy acid group bearing a 
photoremovable protective group. 

A second set of selected regions is, 
thereafter, exposed to light and the photoremovable 
„ protective group on the linker molecule/protected amino 
acid is removed at the second set of regions. The 
substrate is then contacted with a second monomer 
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containing a photoremovable protective group for reaction 
with exposed functional groups. This process is repeated 
to selectively apply monomers until polymers of a desired 
length and desired chemical sequence are obtained. 
Photolabile groups are then optionally removed and the 
sequence is, thereafter, optionally capped. Side chain 
protective groups, if present, are also removed. 

By using the lithographic techniques disclosed 
herein, it is possible to direct light to relatively 
small and precisely known locations on the substrate. 
It is, therefore, possible to synthesize polymers of 
a known chemical sequence at known locations on the 
substrate. 

The resulting substrate will have a variety of 
uses including, for example, screening large numbers of 
polymers for biological activity. To screen for 
biological activity, the substrate is exposed to one 
q or more receptors such as^an^w^y' whole cells, receptors 
on vesicles, lipids, or any one of a variety of other 
receptors. The receptors are preferably labeled with, 
for example, a fluorescent marker, radioactive marker, 
or a labeled antibody reactive with the receptor. The 
location of the marker on the substrate is detected 
with, for example, photon detection or autoradiographic 
techniques. Through knowledge of the sequence of the 
material at the location where binding is detected, it is 
possible to quickly determine which sequence binds with 
the receptor and, therefore, the technique can be used to 
screen large numbers of peptides. Other possible 
applications of the inventions herein include diagnostics 
in which various antibodies for particular receptors 
would be placed on a substrate and, for example, blood 
sera would be screened for immune deficiencies. Still 
further applications include, for example, selective 
35 "doping" of organic materials in semiconductor devices, 
and the like. 
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in connection with one aspect of the invention 
an improved reactor system for synthesizing polymers is 
also disclosed. The reactor system includes a substrate 
mount which engages a substrate around a periphery 
thereof. The substrate mount provides for a reactor 
space between the substrate and the mount through or into 
which reaction fluids are pumped or flowed. A mask is 
placed on or focused on the substrate and illuminated so 
as to deprotect selected regions of the substrate in the 
reactor space. A monomer is pumped through the reactor 
space or otherwise contacted with the substrate and 
reacts with the deprotected regions. By selectively 
deprotecting regions on the substrate and flowing 
predetermined monomers through ,the reactor space, desired 
polymers at known locations may be synthesized. 

Improved detection apparatus and methods are 
also disclosed. The detection method and apparatus 
utilize a substrate having a large variety of polymer 
sequences at known locations on a surface thereof. The 
substrate is exposed to a f luorescently labeled receptor 
which binds to one or more of the polymer sequences. The 
substrate is placed in a microscope detection apparatus 
for identification of locations where binding takes 
place. The microscope detection apparatus includes a 
monochromatic or polychromatic light source for directing 
light at the substrate, means for detecting fluoresced 
light from the substrate, and means for determining a 
location of the fluoresced light. The means for 
detecting light fluoresced on the substrate may in some 
embodiments include a photon counter. The means for 
determining a location of the fluoresced light may 
include an x/y translation table for the substrate. 
Translation of the slide and data collection are recorded 
and managed by an appropriately programmed digital 
35 computer. 
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A further understanding of the nature and 
advantages of the inventions herein may be realized by 
reference to the remaining portions of the specification 
and the attached drawings. 

BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1 illustrates masking and irradiation of a 
substrate at a first location. The substrate is shown in 

cross-section ; 

Fig. 2 illustrates the substrate after appli- 
cation of a monomer "A" ; 

Fig. 3 illustrates irradiation of the substrate 

at a second location; 

Fig. 4 illustrates the substrate after appli- 
cation of monomer "B" ; 

Fig. 5 illustrates irradiation of the "A" 

monomer ; 

Fig. 6 illustrates the substrate after a second 

application of "B"; 

Fig. 7 illustrates a completed substrate; 

Figs. 8A and 8B illustrate alternative 
embodiments of a reactor system for forming a plurality 
of polymers on a substrate; 

Fig. 9 illustrates a detection apparatus for 
locating fluorescent markers on the substrate; 

Figs. 10A-10M illustrate the method as it is 
applied to the production of the trimers of monomers "A" 

Figs. 11A, 11B, and 11C are fluorescence traces 
for standard fluorescent beads; 

Figs. 12A and 12B_are fluorescence curves for 
(V, NVOC* slides not'expbsed and/exposed to light 

respectively; 

Figs. 13A to 13D are fluorescence plots of 
slides exposed through 100 /tin, 50 urn, 20 nm, and 10 /xm 
masks ; 
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£^ Fig.jftaA- j.lluDtratoo flu or escence a slid e 

with the poptide YCG FTTon select ed rogionc of ito ourfaoo- 
w hich ho a been avpnird to labeled Hmz atrfcrbody specific 
, £ o r th is; se quen ce; _ • 

5 9 Figs. lSA^ t o 15D illustrat e fnrrn n fi ra n off and a - 

4 fluorescence plots of a slide with a checkerboard pattern 

of YGGFL and GGFL exposed to labeled Herz antibody. 
a Fig. is4 illustrates a 500x500 nm mask which has been 
focused on the substrate according to Fig. 8A while 
la q Fig. 15^ illustrates a 50x50 urn mask placed in direct 
contact with the substrate in accord with Fig. 8B; 

Fig. 16 is a fluorescence plot of YGGFL and 
PGGFL synthesized in a 50 jra checkerboard pattern; 

Fig. 17 is a fluorescence plot of YPGGFL and 
I 5 YGGFL synthesized in a 50 p checkerboard pattern; 

Figs. 18A and 18B illustrate the mapping of 
sixteen sequences synthesized on two different glass 
slides; 

Fig. 19 is a fluorescence plot of the slide 
20 illustrated in Fig. 18A; and 

Fig. 20 is a fluorescence plot of the slide 
illustrated in Fig. 10B. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 CONTENTS 

I. Glossary 

II. General 

III. Polymer Synthesis 

3 0 

IV. Details of One Embodiment of a Reactor 
System 

V. Details of One Embodiment of a 
Fluorescent Detection Device 

VI. Determination of Relative Binding 
35 Strength of Receptors 
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VII . Examples 

A. Slide Preparation 

B. Synthesis of Eight Trimers 
of "A" and "B" 

C. Synthesis of a Dimer of an 
Aminopropyl Group and a Fluorescent 
Group 

D. Demonstration of Signal Capability 

E. Determination of the Number of 
Molecules Per Unit Area 

F. Removal of NVOC and Attachment of a 
Fluorescent Marker 

G. Use of a Mask in Removal of NVOC 

H. Attachment of YGGFL and Subsequent 
Exposure to Herz Antibody and Goat 
Antimouse 

I. Monomer-by-Monomer Formation of 
YGGFL and Subsequent Exposure to 
Labeled Antibody 

J. Monomer-by-Monomer Synthesis of 
YGGFL and PGGFL 



K. 
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Monomer-by Monomer Synthesis of 



25 YGGFL and YPGGFL 



Synthesis of an Array of Sixteen 
Different Amino Acid Sequences and 
Estimation of Relative Binding 
Affinity to Herz Antibody 
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I. rci ossarv 

The following terms are intended to have the 

following general meanings as they are used herein: 
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^ pT^entarv ; Refers to the topological 
compatibility or matching together of interacting 
surfaces of a ligand molecule and its receptor. 
Thus, the receptor and its ligand can be described 
as complementary, and furthermore, the contact 
surface characteristics are complementary to each 
other . 

gEitoee: The portion of an antigen molecule which 
is delineated by the area of interaction with the 
subclass of receptors known as antibodies. 

T.iaand: A ligand is a molecule that is recognized 
by a particular receptor. Examples of ligands that 
can be investigated by this invention include, but 
are not restricted to, agonists and antagonists for 
cell membrane receptors, toxins and venoms, viral 
Ca epitopes, hormones (e.g., ef»ia*e*, steroids, etc.), 
hormone receptors, pept^s en ; zymes ^enzyme 
substrates, cof actors ,f3§ugl, lectins^ sugars, 
oligonucleotides, nucleic acids, oligosaccharides, 
proteins, and monoclonal antibodies. 

Monomer : A member of the set of small molecules 
which can be joined together to form a polymer. The 
, set of monomers includes but is not restricted to, 
for example, the set of common L-amino acids, the 
set of D-amino acids, the set of synthetic amino 
acids, the set of nucleotides and the set of 
pentoses and hexoses. As used herein, monomers 
refers to any member of a basis set for synthesis of 
a polymer. For example, dimers of L-amino acids 
form a basis set of 400 monomers for synthesis of 
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Polypeptades. Different faa 

be used at successive sten, ■ !! mon °*ers may 

polymer. PS ln the synthesis of a 

bon<ia ani ^S^^ -ugh 

polypeptide m *-k ^ererred to as a 

^ e - -cn the context ft f 

it should be. appreciated ttat L /^ 0 """ 10 " 
10 the L-optical isomer or tf ^ ° a=i<iS be 

Peptides are more than J ^ iSMer - 

- =«e„ .ore than 20 1~ ~» -n,. 
Standard abbreviation. . monomers long. 

<-.. P *or p^UneT Th a " ln ° "~ 
included in Snryer ^oo ! abb " Vlati °- are 

which is incorp^eo'S^'jr" 

purposes. y reference for ail 

6 - BaOiaiian: Energy which „ 
20 including energy havi„! , y Selscti «iy applied 

end lo< meters Tncrd " o r Velen9th ° f betWeen 
mediation, gamma ra/ut ' " e " anPle ' ^° t ™ «— 
violet radiation, vL ibl T'n 7^ Ultra " 
"iorowave r^L^JX^TX T""' 
-ers to the appi lcation Qf „ ^ --atio,. 

7 - Bssepfeoc.. A molecul 

9 -en lig and . Hecepto'l^^an^ * 
or manmade molecules. Also *t natural ly-oocuring 
30 their unaltered state J- * ^ ^oved in 

secies, peceptors may be' ^IcnT* ° th " 
noncovalently to , „• ... attached ' =°valently or 
°r via a specie bil' ' 

receptors which ce^ b 9 temples of 

include, but are not e " Pl ° yed by this inve "ion 
cell membrane re C " t o r triCted <°' ^,i es , 
« Risers a~: S 



c) 



determinants (such as nn , • 

v W1 as on viruses n 0 n 

-«*.. Pdynucxeot^s l ci : r ° ther 
Peptroes, centers, iectins, sugars " a ° ldS ' 

- art as anti :~ v:r:r eferrea to in 

«ea hereln , no ui„erence in Lan'na re ° 6Pt ° rS U 
"^"O ^ceptor Pair" U fo»^ ! lnt6nded - 
M cro«oleoules have cosine* Ih^ *" *" 
recognition to fo „ , J^*"""* Secular 

restricted i to: ""^i 0 " lnClu ** are not 

SDeci^i^ receptors, such as 

•pacific transport proteins or enzymes 

Is 8 ™ L° ~ - -roor^ 

:=istic fnngif pr :^ z ^ st 

bacteria resistant to the antibiotics 
m current use. lcs 
) Enzym^g; For 

such a ch ' ^ bl " din ' sit * 
cleavi™ Zy, ° es "sponsible for 

cleaving neurotransmitters- ■ 
lianas „„ icn blnd to tZiiTt ati °" ° f 

-oduiate the action of t ""ptors to 

«- -«erent neurotran L LeTi's ^ 
the development „f * S 13 usefu3 - in 

«- -t^/i^rr oan be - - 

neurotransmission. 

Antibnrfia^. F . 

^™~in ilestlT' lnVen " 0n 
site on the ant^ 9 U ^"a-binding 

fining . ^ - iirrr' . 

eP-ope „ ay ieaa to the ^"tT 
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of which the immunooen „ 

"iated diagnostic * tha oevelopment of 

in therapeutic treat ^ °^°™s useful 
immune diseases (a „ „ for auto " 

°* the ..self antibodies! bl ° Ckln ' tha binding 

HBSlsi£ - a£ iaa : Sequences 'of 
bo synthesized to TsZtTi V " 0ld * » ay 

sequences. e stab ai sh dna or RNA binding 



o, ^ 



p ° 1 ^opc^es7^I^; e ca ° r rs ; preferabl * 

ohemicai Action involving 1 """"^ a 
one or more reactants to one « ° f 
such polypeptide generanT • , Pr ° dUCts • 
•it. specific for lTlZ st \T * 
-action intermediate and an fT*™ " 
fonctionautyproxij^t 3 " 3 "" 8 . 
»nich functionality is capahie of" " 9 
modifying the bound r.» t chemically 

Polypeptides are^escr ibtt 

appl lcatlon Serla ,^ d ln ' f °t example, 

i* inoorporated ^VT^^* 
purposes. Y eference for all 



f ) Hoj 



«* the lig ands ^ • . ^termination 

a receptor is usefu! i„ Jl ? ^ ******* to 
for example an „, , oevelcpment of, 

inaction ^hich dU b r : PUCenent ° f the ° a ^ 
the oT££r™ - "lieve 

-se, a replacement for tt e " ^ 
,-wth hormone ^* 1^"^™" 
cadavers or by recomhi <. obtained from 

Other examples are ^ ^ technology, 

receptors; determinaUon'TtT^"" 6 h °™ne 
bind to a receptor ma'T * Ugands wh ich 

- — to =on^:LT;:: s :r— — 
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Op^te recep tors; Determination of ligands 
which bind to the opiate receptors in the brain 
is useful in the development of less-addictive 
replacements for morphine and related drugs. 

^bstr^te: A material having a rigid or semi-rigid 
surface, m many embodiments, at least one surface 
of the substrate will be substantially flat, 
although in some embodiments it may be desirable to 
Physically separate synthesis regions for different 
polymers with, for example, wells, raised regions, 
etched trenches, or the like. According to other 
embodiments, small beads may be provided on the 
surface which may be released upon completion of the 
synthesis. 

p rotect^ Gron D ; A material which is bound to a 
monomer unit and which may be spatially removed 
upon selective exposure to an activator such as 
electromagnetic radiation. Examples of- protective 
groups with utility herein include Nitroveratryloxy 
carbonyl, Nitrobenzyloxy carbonyl, Dimethyl 
dimethoxybenzyloxy carbonyl, 5-Bromo-7- 
nitroindolinyl, o-Hydroxy-a-methyl cinnamoyl, and 
2-Oxymethylene anthraquinone . other examples of 
actxvators include ion beams, electric fields 
magnetic fields, electron beams, x-ray, and the 
like. 

predefined Feqion : a predefined region is a 
localized area on a surface which is, was, or is 
intended to be activated for formation of a polymer. 
The predefined region may have any convenient shape, 
e.g., circular, rectangular, elliptical, wedge- 
shaped, etc. For the sake of brevity herein, 
"predefined regions" are sometimes referred to 
simply as "regions." 
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Substantial 1 y Pure ; a polymer is considered to be 
"substantially pure" within a predefined region of 
a substrate when it exhibits characteristics that 
5 distinguish it from other predefined regions. 

Typically, purity will be measured in terms of 
biological activity or function as a result of 
uniform sequence. Such characteristics will 
typically be measured by way of binding with a 
10 selected ligand or receptor. 

II. General 

The present invention provides methods and 
apparatus for the preparation and use of a substrate 
15 having a plurality of polymer sequences in predefined 
regions. The invention is described herein primarily 
with regard to the preparation of molecules containing 
sequences of amino acids, but could readily be applied 
in the preparation of other polymers. Such polymers 
20 include, for example, both linear and cyclic polymers 
of nucleic acids, polysaccharides, phospholipids, and 
peptides having either a-, /*-, or .-amino acids, hetero- 
polymers in which a known drug is covalently bound to any 
of the above, polyurethanes , polyesters, polycarbonates, 
25 polyureas, polyamides, polyethyleneimines, polyarylene 
sulfides, polysiloxanes, polyimides, polyacetates, or 
other polymers which will be apparent upon review of this 
• disclosure, m a preferred embodiment, the invention 
herein is used in the synthesis of peptides. 
30 The Prepared substrate may, for example, be 

used in screening a variety of polymers as ligands for 
binding with a receptor, although it will be apparent 
that the invention could be used for the synthesis of 
a receptor for binding with a ligand. The substrate 
35 disclosed herein will have a wide variety of other uses. 
Merely by way of example, the invention herein can be 
used in determining peptide and nucleic acid sequences 
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which bind to proteins. finding seguence-specif ic binding 
drugs, identifying epitopes recognized by antibodies, 
and evaluation o£ a variety of drugs for olinical and 
diagnostic applications, as well as combinations of the 
5 above . 

The invention preferably provides for the use 
of a substrate ... with a surface. Linker molecules »L» 
are optionally provided on a surface of the substrate. 
The purpose of the linker molecules, in seme embodiments 

10 ;:iym°er uitate recaptor - «- —i:::- 

Optionally, the linker molecules may be 
chemically protected for storage purposes. A chemical 
storage protective group such as t-BOC (t-butoxycarbonyl) 
15 may be used in some embodiments. Such chemical 

protective groups would be chemically removed upon 
exposure to, for example, acidic solution and would 
serve to protect the surface during storage and be 
removed prior to polymer preparation. 

20 M i. i ^ ^ SUbStrate ° r a dist *l ^d of the linker 
molecules, a functional group with a protective group p 
xs provxded. The protective group P, may be removed upon 
exposure to radiation, electric fields, electric 

« arir' 5 ' " ° ther aCtiVat ° rs to the functional 

2 5 group . 

In a preferred embodiment, the radiation is 
ultraviolet (uv, , infrared (IR) , or visible light. As 
more fully described below, the protective group may 
alternatively be an electrochemically-sensitive group 
which may be removed in the presence of an electric 
field, m still further alternative embodiments, ion 
beams, electron beams, or the like may be used for 
deprotection. 

in some embodiments, the exposed regions and, 
therefore, the area upon which each distinct polymer 
sequence is synthesized are smaller than about l cm 2 or 
less than 1 mm . m preferred embodiments the exposed 
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area is less than about 10,000 nm 2 or, more preferably, 
less than 100 ura 2 and may, in some embodiments, encompass 
the binding site for as few as a single molecule. Within 
these regions, each polymer is preferably synthesized in 
5 a substantially pure form. 

Concurrently or after exposure of a known 
region of the substrate to light, the surface is 
contacted with a first monomer unit M x which reacts 
with the functional group which has been exposed by 
10 the deprotection step. The first monomer includes a 

protective group p 1# p x may or may not be the same as P Q . 

Accordingly, after a first cycle, known first 
regions of the surface may comprise the sequence: 

15 S-L-M 1 -P 1 

while remaining regions of the surface comprise the 
sequence: 



20 S-L-P 0 . 

Thereafter, second regions of the surface (which may 
include the first region) are exposed to light and con- 
tacted with a second monomer M 2 (which may or may not be 
25 the same as M x ) having a protective group P 2 . p 2 may or 
may not be the same as P 0 and P 1# After this second 
cycle, different regions of the substrate may comprise 
one or more of the following sequences: 

30 S-L-M 1 -M 2 -P 2 

S-L-M 2 -P 2 
S-L-M^Pj and/or 
S-L-P 0 . 

35 The above process is repeated until the substrate 
includes desired polymers of desired lengths. By 
controlling the locations of the substrate exposed 
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to light and the reagents exposed to the substrate 
following exposure tho i e 
be known ° Catl ° n ° f each se *""<* «m 

from some Ir e aT"r; h the r*""" 9B "— " ™* 

:ti r : te aM *- s **™ 

results In. a k *■ °>PPmg unit c. The process 

- -"=■=, =rir^- — 

S " [L) - (M l>-" i j)-(M k )...(M,)-CC] 

where square brackets i„ dicat e optional groups, and 
M....M, mdrcates any sequence of monomers. The number „, 
monomers could cover a wide variety of values but t a 
preferred embodiment they will range from 2 \o 7o 

the substr^^crr:: a p : urauty ° £ io ^™ - 

subsequence. For^all! I * C ° m ° n 

s i„» > example, lt may be desired to synthe- 

size ' s-H^-h, at £lrst ^nthe 

sequence s-« 4 -^-„ 3 at secon(J loc « 
would commence with irradiation of the first locations 
followed by contacting with resulting in the 

sequence at the first location. The seoond loca- 

j: 1 <*» be irraaiatsd and •*> - ! 
S;;:;::::; s r p atthe s ~ ond iocati °- 

irradiate T SeCOnd loca tions would be 

in th c °"tacted with the dimer M 2 -M 3 , resulting 

S-M.-M.-M, at the second locations of ,. 

= ences of any length co^e ZnuZXTZZ 

those „ a range of 2 or more monomers, 2 to 100 

ofTtT; I ^ 20 n0n ° nerS ' * -* "nge 

or * to 3 monomers. 

is used forT",? 9 " ° ther • a set of masks 

varied lh . """^ lay « «• thereafter, 

vaned Ixght wavelengths are used for selective 

deproteotion. For example, in the process discussed 
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realt'rf 11 re91 ° nS ^ " rSt eXP ° Sed «~ a masx and 
reacted „ lt h a first monomer having , f ^ protecUve 

group P i; which is removable upc„ exposure to a first 
wavelength of light (e.g., IR) . Second „ s 

ZT, rMeted Klth 3 SeCOTd — « - -=°nd 

seconr" T P *" " hiCh iS raMOVaWe Up °" to a 

second wavelength of light (e.g., UV, . Thereafter. masxs 

become unnecessary in the synthesis hecause the entire 
substrate may he exposed alternatively to the first and 
second wavelengths of light in the deprotection cycle 
to „ P ° lymerS P«P«ed on a substrate according 

to the ahove Methods win have a variety of uses includ! 
xng for example, screening for hiological activity, m 
such screenrn, activities, the substrate containing the 
sequences is exposed to an unlabeled or labeled rector 
such as an antibody, receptor on a cell, phospholipid 
21 ; " ^ °" e ° f - a VariBty ° £ ° th « receptors. In 

fIrst re uT: d , enb0ai " ent ^ ™ *- a 

first, unlabeled receptor of interest and, thereafter 

exposed to a labeled receptor-specific recognition 

element, which is, for example, an antibody This 

process will provide signal amplif ioation in the 

detection stage. 

The receptor molecules may bind with one or 

"bele! V" SUtStrate - ^ «* ^e 

labeled receptor and, therefore, the presence of a 

sequence which binds with the receptor is detected in a 

preferred embodiment through the use of autoradiography, 

fluo"^ " UOreSCenCa " ith * Oarge-coupled device 
fluorescence mrorosoopy, or the lixe. The seguence of 

U detecTI " ^ l0Cati ° nS WhBre tte >^ 
is detected may be used to determine all or part of a 

sequence which is complementary to the receptor 

nri.. ° £ ^ inVention h «sin is illustrated 

prxmarny wrth reference to soreening for biological 

ules p' ^ inVenti ° n W1U ' h °" eVer - — 
uses. For example, the invention may be used in 
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information storage (e.g., on optical disks), production 
of molecular electronic devices, production of stationary 
phases in separation sciences, production of dyes and 
brightening agents, photography, and in immobilization of 
cells, proteins, lectins, nucleic acids, polysaccharides 
and the like in patterns on a surface via molecular 
recognition of specific polymer sequences. By 
synthesizing the same compound in adjacent, progressively 
differing concentrations, a gradient will be established 
to control chemotaxis or to develop diagnostic dipsticks 
which, for example, titrate an antibody against an 
increasing amount of antigen. By synthesizing several 
catalyst molecules in close proximity, more efficient 
multistep conversions may be achieved by "coordinate 
15 immobilization." Coordinate immobilization also may be 

used for electron transfer systems, as well as to provide 
both structural integrity and other desirable properties 
to materials such as lubrication, wetting, etc. 

According to alternative embodiments, molecular 
biodistribution or pharmacokinetic properties may be 
examined. For example, to assess resistance to 
intestinal or serum proteases, polymers may be capped 
with a fluorescent tag and exposed to biological fluids 
of interest. 
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I I1» Polvmer Synthesis 

Fig. 1 illustrates one embodiment of the 
invention disclosed herein in which a substrate 2 is 
shown in cross-section. Essentially, any conceivable 
substrate may be employed in the invention. The 
substrate may be biological, nonbiological, organic, 
inorganic, or a combination of any of these, existing as 
particles, strands, precipitates, gels, sheets, tubing, 
spheres, containers, capillaries, pads, slices, films, 
35 Plates, slides, etc. The substrate may have any 

convenient shape, such as a disc, square, sphere, circle, 
etc. The substrate is preferably flat but may take on a 
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variety of alternative surface configurations. 
example, the substrate may contain raised or depressed 
regions on which the synthesis takes piece. The 
substrate and its surface preferably form a rigid support 
5 on which to carry out the reactions described herein 
The substrate and its < , nerein. 

cs surf ace is also chosen to provide 
appropriate light-absorbing characteristics. For 

o Z ' fUnCtlOTa11 "" 9lass, Si. G e, GeAs! GaP, 
10 sio 2 , siN 4 , Edified silicon, or any one of a wide 

variety of gels or polymers such as (poly, tetrafluoro- 
ethylene, (poly, vinyiidenedifluoride, polystyrene, 
polycarbonate, or cognations thereof, other substrate 
materials W1 ll be readily epparent to those of skill in 
15 the art upon review of this disclosure. In a preferred 
embodiment the substrate is flat glees or singL^s x 
smcon wrth surface relief features of !ess than 10 A. 
the s „ h , *= cora "»9 t° some embodiments, the surface of 
the substrate rs etched using well Known techniques to 

!0 .a r : v :f\h°7 esired surfaee faat — *» — £T ^ 

way of the formation of trenches, v-grooves, mesa 
structures or the like, the synthesis regions mey be 
more closely pieced within the focus point of impinging 
i 9 ht, be provided with reflective ..mirror" structures 
!5 — iM of l ight collection from fluorescent 

sources, or the like. 

Surfaces on the solid substrate will usually 
though not always, be composed of the same material as' 
the substrate. Thus, the surface may be composed of any 

m t r a"; TT' "as, silica or silL-based 

or anv of'th T' " etalS ' '""^ * laSS «' — 

\ ab -o-listed substrate materials. In some 

5 blndlnu SUrfaCa ^ Pr ° Vide f " the - «' 

a of the IT* WhiCh "** a " aChed to «» surface 

1 l^U-Tl trate - iMCCM:iJ * it ^« J .achi J1 g^ep.^ 
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Ol herein by r efe r enc e. Preferably, the surface will 

contain reactive groups, which could be carboxyl, amino, 
hydroxyl, or the like. Most preferably, the surface will 
be optically transparent and will have surface Si-OH 
5 functionalities, such as are found on silica surfaces. 

The surface 4 of the substrate is preferably 
provided with a layer of linker molecules 6, although it 
will be understood that the linker molecules are not re- 
quired elements of the invention. The linker molecules 

10 are preferably of sufficient length to permit polymers in 
a completed substrate to interact freely with molecules 
exposed to the substrate. The linker molecules should be 
6-50 atoms long to provide sufficient exposure. The 
linker molecules may be, for example, aryl acetylene, 

15 ethylene glycol oligomers containing 2-10 monomer units, 
diamines, diacids, amino acids, or combinations thereof. 
Other linker molecules may be used in light of this 
disci soure. 

According to alternative embodiments, the 

20 linker molecules are selected based upon their 
hydrophilic/hydrophobic properties to improve 
presentation of synthesized polymers to certain 
receptors. For example, in the case of a hydrophilic 
receptor, hydrophilic linker molecules will be preferred 

25 so as to permit the receptor to more closely approach the 
synthesized polymer. 

According to another alternative embodiment, 
linker molecules are also provided with a photocleavable 
group at an intermediate position. The photocleavable 

30 group is preferably cleavable at a wavelength different 
from the protective group. This enables removal of the 
various polymers following completion of the synthesis by 
way of exposure to the different wavelengths of light. 

The linker molecules can be attached to the 

35 substrate via carbon-carbon bonds using, for example, 
(poly) trifluoroohloroethylene surfaces, or preferably, 
by siloxane bonds (using, for example, glass or silicon 
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oxide surfaces) . siloxane bonds with the surface of the 
substrate may be formed in one embodiment via reactions 
of linker molecules bearing trichlorosilyl groups. The 
linker molecules may optionally be attached in an ordered 
5 array, i.e., as parts of the head groups in a polymerized 
Langmuir Blodgett film, in alternative embodiments, the 
linker molecules are adsorbed to the surface of the 
substrate. 

The linker molecules and monomers used herein 
10 are provided with a functional group to which is bound a 
protective group. Preferably, the protective group is 
on the distal or terminal end of the linker molecule 
opposite the substrate. The protective group may be 
either a negative protective group (i.e., the protective 
15 group renders the linker molecules less reactive with a 
monomer upon exposure) or a positive protective group 
(i.e., the protective group renders the linker molecules 
more reactive with a monomer upon exposure) . m the case 
of negative protective groups an additional step of 
20 reactivation will be required, in some embodiments, 
this will be done by heatiny. 

The protective group on the linker molecules 
may be selected from a wide variety of positive light- 
reactive groups preferably including nitro aromatic 
25 compounds such as o-nitrobenzyl derivatives or benzylsul- 
fonyl. in a preferred embodiment, 6-nitroveratryloxy- 
carbonyl (NVOC) , 2-nitrobenzyloxycarbonyl (NBOC) or 
a,a-dimethyl-dimethoxybenzyloxycarbonyl (DDZ) is used. 
In one embodiment, a nitro aromatic compound containing 
a benzyl ic hydrogen ortho to the nitro group is used, 
i.e., a chemical of the form: 
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where r 4 is alk 

*> ^ ^oxy^^r^^ 1 ' alkSny1 ' ~ 
^rogen; R 3 is alko £ aryl, nitr£>/ Qr 

^rogen; * 4 is alko £ ^ h ^ nitro, aryl, or 
nitro; and R 5 is alJ J' h ^°*en, aryl, hal0/ or 

-lo, aryl, or ^ hydrogen , 
used include o-hydroxy- a-J* , * aterials which may be 
Photoremovable protective 

cinnamoyl derivatives, 
example, Patchomik J , "* desc ribed in, for 

* i-^^T^"^ (19 '°> and 

« ^a^r^t re 1 ::^" 92 ' ^ ° £ "** 

-active ^ 7""™* ^ 
in solution. For ^ZTjT*™" 0 " 

9 rc U p, tthen bound to a ca ; bon ; i - br °°°; 7 - nltro ind °"- 

exposure to lig ht at 420 m " yl - una «,oes reaction upon 

—ive zi rr "rrr t 0 "-*' the 

»i^e variety of negative^il! " SEleCted * 

a cinamaate group. -reactive groups including 

or ^activater D reIe«ron h h """^ 9r ° UP ls ««vat.d 
Uthograpny. or any othe "^rapny, x . ray 

groups for electron beam reactive 
o-er ne t hoas nay bfi ^ 1 include sulfonyl. 

=»re to a current source all " e * a, " ple ' e *P°- 

-thods of activation fflay te^;*" 76 gr ° u P s — 
disclosure. 7 USe,J ln Ught of this 
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are nrp f ^ ^ the Unkin * *°lecules 

to ' —pie, light through a 
suitable mask 8 using photolithographic techniques If 
the type known in the semiconductor industry 
5 and described in, for example, Sze , ^j^.^ 
McGraw-Hill r 19831 ,„h , • lecnnolng y, 

^ # and Mead e£ al . , Introduction -t^t 

S^stejns, Addison-Wesley M 98( n Mh ^u i 

u • . y u»boj , which are incorporate 

herein by reference f nr »n "-orporated 

substrate is transparent to the wavelength of light 
needed for removal of the protective groups in t„e 
embodiment shown in Fig . lf llght ls Le^d at 2 
surfaoe of the substrate containing the protective 

" teT" "* 1 illUStr "- «- - of such masking 

technrgues as they are applied to a positive reactive 

functor 3CtlVate Unkin9 " 0leCUleS - 
functional groups in areas 10a and 10b. 

The mask 8 is i„ one embodiment a transnar»n^ 
20 support material selectively coated with a layer o 

lZZl:T ial - POrtl ° nS ° f ^ ~<« -tel al re 

£z::\:iz n izz::z^ \r precise — 

in*-„ „i «rate surface. The mask is brought 

into close proximity with *wugnt 

» ;;r .... ~- ;r~" 

photoremovable protective groups from the substrate 

30 techn ^ ^ Pe " 0raed USi "' "-entional 

30 ln which alignnent Mrks ~ 

pattern ^ ""^ " aSkS " ith Prions 

be used V " S °«* is «°«ed technigues may 

such as'th eXMPle ' lnt « f «°-tric technignes 
35 IntLr deSCrlbed *» «-ders gt ai. , » A New 

i, 7 e 3 T: f : Aii9nnent Techni ^ •• 

(1«7) ai, 426-428, which is incorporated herein by 

reference, may be used. 
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enhancement materials ^ the" fT* """^ 
according to SOM eBbodim : n 8 t e s n tb ^-* «- «» substrate 

layer may comprise . molecule whL ' " -*■»—■* 
^ iight sue as o.inone,^Sor a It' 7"'°^ * 
transiently bleached aV»T »ate rl al which is 

Transient ^^1^ 

=r- M r^rt 13 ----- 

The laght may be from a conventional 
incandescent source, a laser , nV * ntlonal 
« non-collimated source^ o : . « *" 

desirable to provide a thi* " may be 

Prevent spreading « the ^V' " ,ltl - U »«- mas* to 
-ay, further, be desirabll * substrate - « 

.roups which'are sen £ ^ <• 

control synthesis. For examnle " "-lengths to 

are sensitive to different waveUngthT Whl ° h 
select branch positions in tZ lZZl' " *° 
eliminate certain masxin, steps T 3 " 

along with their correspond ' I ""° tlv " 9rou <> s 

deprotectior. , C ° rrespon<iln 9 wavelengths for 
oeprotection are provided in Table i. 

Table l 
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Approximate 
'erectjn p ^ v a ^ a p 1t ^ 



Nitroveratryloxy carbonyl (hvoo 

Wtrobenzyioxy carbonyl (hboo ' °°" 400 m 

Dimethyl dimethoxybenlvloxv „ W (3 °°- 35 ° M) 

s-eromc-nitroinlou^ ^ Carb0 " yl W ( "°- 3 °° "»> 

o-Hydroxy-o-methyl cinnamoyl £ \™ 

2-Oxymethylene anthraguinone £ °°- 35 ° B " ) 
Uv (350 nm) 
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While the invention is illustrated primarily 
herein by way of the use of a mask to illuminate selected 
regions the substrate, other techniques may also be used. 
For example, the substrate may be translated under a 
modulated laser or diode light source. Such techniques 
are discussed in, for example, U.S. Patent No. 4,719,615 
(Feyrer e& al.), which is incorporated herein by 
reference, m alternative embodiments a laser 
galvanometric scanner is utilized, m other embodiments, 
the synthesis may take place on or in contact with a 
conventional liquid crystal (referred to herein as a 
"light valve") or fiber optic light sources. By 
appropriately modulating liquid crystals, light may be 
selectively controlled so as to permit light to contact 
selected regions of the substrate. Alternatively, 
synthesis may take place on the end of a series of 
optical fibers to which light is selectively applied. 
Other means of controlling the location of light exposure 
will be apparent to those of skill in the art. 

The substrate may be irradiated either in 
contact or not in contact with a solution (not shown) 
and is, preferably, irradiated in contact with a 
solution. The solution contains reagents to prevent the 
by-products formed by irradiation from interfering with 
synthesis of the polymer according to some embodiments. 
Such by-products might include, for example, carbon 
dioxide, nitrosocarbonyl compounds, styrene derivatives, 
indole derivatives, and products of their photochemical 
reactions. Alternatively, the solution may contain 
reagents used to match the index of refraction of the 
substrate. Reagents added to the solution may further 
include, for example, acidic or basic buffers, thiols 
substituted hydrazines and hydroxyzines, reducing 
agents (e.g., NADH) or reagents known to react with a 
given functional group (e.g., aryl nitroso + glyoxylic 
acid - aryl formhydroxamate + CO ) . 
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Either concurrently with or after the 
irradiation step, the linKer molecules 
otherwise contacted with a first monomer, 
bv "A- in regions 12a ana 12b in Fig. 2. The first 
Y I the activated functional groups of 

monomer reacts with the activac 

the linkage molecules which have been exposed to light, 
the linxag mreferably an amino acid, 

The first monomer, which Is prererao , 
Is also provided with a photoprotective group. The 
^protective group on the monomer may be the same 
Is or different than the protective group used in the 
linkage molecules, and may be selected from any of the 
^-described protective groups. In one 
the protective groups for the A monomer is selected from 

the group NBOC and NVOC irradla tin, 
As shown in Fig. 3, rne pt^ 
15 is thereafter repeated, with a mask repositioned so as 
remove linkage protective groups and expose functional 
groups in regions 14a and 14b which are i»»*»t- 
b ein' regions which were protected in the previous 
20 masking step. ^ an alternative to teposltionin. o 

the first mask, in many embodiments a second mask will 
b e utilized, m other alternative embodiments, some 
steps may provide for illuminating a common region in 
successive steps. As shown in Fig. 3, it «V 
„„sirable to provide separation between irradiated 
" regions To/example, separation of about 1-6 

be appropriate to account for alignment tolerances- 
as shown in Fig- 4, the substrate is then 
exposed to a second protected monomer »B,» producing 
Batons 16a and 16b. Thereafter, the substrate is 
30 sgir masked so as to remove the protective groups a 
expose reactive groups on A region 12a and B re. 
The substrate is again exposed to monomer B. resul 
the formation of the structure shown in Fig. 6. The 

„ . n-B have been produced on the substrate. 
35 dlmerS B "\ a lseguenrseries P of masking and contacting 
steps similar to those described above with A «not shown, 
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.„ the strU cture shown in Fig. 7. The process 
provides the structui B 
provides a!l possible dimers of B and A, x.... 

A " A ' "* B "xL substrate, the area of synthesis, and the 
. ar ea for synthesis of each ^^Z^T 

rectangles, triangles, circles, or p uti iized. 
<fh irreoular geometric shapes, may be utm 

along with irregular g a oplied to a single 

Duplicate synthesis areas may also be appH 
n substrate for purposes of redundancy. Ig a£j£g'£& 
0 m one embodiment the regions, 

* h trate will have a surface area of between jJ^ftigS. ^ 
substrate win uavc v-oaions^M--a» d_3:e 

ft and 10- «-». m -me embodiments ^ l0 - rf. 

have areas of less than about 10 cm , 10 ■ 

— ■ a r srrod^rrr^e r - 

»ore than about 10 different monomer sequences and 
no tM vhan about 100 different monomer 

20 rit^ in sl embodiments more than about 

sequences althoug „ e 

10 , 10 , 10 i iU ' iU ' a reaion 

provided on a substrate. Of course, «thin . * 

Tf the ^ -^—JT^--^- 
„ synthesized, it is prererre ^,_ ents regions of 

25 ii„ „„ r p In some embodiments, « y 

be substantially pure. J.n s»w 

the substrate contain polymer sequences „h ch a 
le ast about !%.»%. 10%. X5%. .0%. 23%. 30%. 
45*. 50%, 60%. 70%, 80%, 50%, 95%, 96%, 97%, 

30 "* PU "' According to some embodiments, several 

sequences are i-^^.^J^,'^ 
region so as r rrT » ^J^- — -ions 

, a ^rn ^cant binding are further evaluated. 
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e^o diment 0 T a 8 L\ C t he " atlCally *U«*»t« a preferred 

aspe Ct ot the lnv p :: o r :* t: r r ::: t in aocordance «- 

body 102 with a cavity 10 « o„ SySte " inClUd6S a 

preferred e^ents^ ^ ^ ~ * 
and looo » deep with a d«*h . " abOUt 50 

The Z tt . P 01 ab ° Ut 500 Preferred, 
"ith an a" ' ~ e £ * ~ 

Plane of the ngure and paraUei tItT T ^ 
Figure. The r.rf„ oe "iiel to the plane of the 

-p and ZolTlTZl^TZ" T " *° 
ridges is to generate turbulent^ T °* the 

™e bottoa sur£ace of th e ^ v "t y s° W p r : t te b " er miXi " 9 - 
absorbing so as to prevent rejection o . ' 

.e :r:r e 112 is ™ 

- with .TSS^r^LST lts botto " 

with or without an ■ » Protective group such as NVOC 
substrate s ZZ^IT"^ Tha 

ught, but i„ p i::r i y d ::::r a :: n : to a wide spect ™ - 

wavelength at which ! transparent only at a 

(such as ov in "he "a" 7*™ '™* ~* ba ".oved 
embodiment! s a con v ° ^ ' ** SUbStrata in — 
cover slip ° he ^TT" 1 "'"^ siide or 

Possibie ^hilTstni " Preferatly » thi " ss 

support till ti adequate physical 

i z t^r^xnr^-.r than about 

preferably less than o.l Z thic k and T ^ 
less than 0.05 » thick T n MSt pref orably 

-dim ents the ^V^^T 

cavity ejp: S^tT * ^dT 

HO. The bodv f„ nd an outl et port 

in some JS^LttnT" may " ~~ £ ° r — 

to a preferred embodiment the "I" • ' 

ooiment, the body is provided with two 




31 

concentric gaskets and the intervening space is held at 
vacuum to ensure mating of the substrate to the gaskets. 

Fluid is pumped through the inlet port into the 
cavity by way of a pump 116 which may be, for example, a 
model no. B-120-S made by Eldex Laboratories. Selected 
fluids are circulated into the cavity by the pump, 
through the cavity, and out the outlet for recirculation 
or disposal. The reactor may be subjected to ultrasonic 
radiation and/or heated to aid in agitation in some 
embodiments . 

Above the substrate 112, a lens 120 is provided 
which may be, for example, a 2" 100mm focal length fused 
silica lens. For the sake of a compact system, a 
reflective mirror 122 may be provided for directing 
light from a light source 124 onto the substrate. Light 
source 124 may be, for example, a Xe(Hg) light source 
manufactured by Oriel and having model no. 66024. A 
second lens 126 may be provided for the purpose of 
projecting a mask image onto the substrate in combination 
Cj with l l ona-lf a . This form of lithography is referred to 
herein as projection printing. As will be apparent from 
this disclosure, proximity printing and the like may also 
be used according to some embodiments. 

Light from the light source is permitted to 
reach only selected locations on the substrate as a 
result of mask 128. Mask 128 may be, for example, a 
glass slide having etched chrome thereon. The mask 128 
in one embodiment is provided with a grid of transparent 
locations and opaque locations. Such masks may be 
manufactured by, for example, Photo Sciences, Inc. Light 
passes freely through the transparent regions of the 
mask, but is reflected from or absorbed by other regions. 
Therefore, only selected regions of the substrate are 
exposed to light. 

As discussed above, light valves (LCD's) 
may be used as an alternative to conventional masks 
to selectively expose regions of the substrate. 
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Alternatively, fiber optic faceplates such as those 
available from Schott Glass, Inc, may be used for the 
purpose of contrast enhancement of the mask or as the 
sole means of restricting the region to which light is 
5 applied. Such faceplates would be placed directly above 
or on the substrate in the reactor shown in Fig. 8A. in 
still further embodiments, flys-eye lenses, tapered fiber 
optic faceplates, or the like, may be used for contrast 
enhancement . 

10 In order to provide for illumination of regions 

smaller than a wavelength of light, more elaborate 
techniques may be utilized. For example, according to 
one preferred embodiment, light is directed at the 
substrate by way of molecular microcrystals on the tip 

15 of, for example, micropipettes . Such devices are 

disclosed in Lieberman et al. , "A Light Source Smaller 
Than the Optical Wavelength," Science (1990) 247: 59-61, 
which is incorporated herein by reference for all 
purposes . 

20 In operation, the substrate is placed on the 

cavity and sealed thereto. All operations in the process 
of preparing the substrate are carried out in a room lit 
primarily or entirely by light of a wavelength outside of 
the light range at which the protective group is removed. 

25 For example, in the case of NVOC, the room should be lit 
with a conventional dark room light which provides little 
or no UV light. All operations are preferably conducted 
at about room temperature. 

A first, deprotection fluid (without a monomer) 

30 is circulated through the cavity. The solution 

preferably is of 5 mM sulfuric acid in dioxane solution 
which serves to keep exposed amino groups protonated and 
decreases their reactivity with photolysis by-products. 
Absorptive materials such as N,N-diethylamino 2,4- 

35 dinitrobenzene, for example, may be included in the 
deprotection fluid which serves to absorb light and 
prevent reflection and unwanted photolysis. 
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The slide is, thereafter, positioned in a light 
raypath from the mask such that first locations on the 
substrate are illuminated and, therefore, deprotected. 
In preferred embodiments the substrate is illuminated 
for between about 1 and 15 minutes with a preferred 
illumination time of about 10 minutes at 10-20 mW/cm 2 with 
365 nm light. The slides are neutralized (i.e., brought 
to a pH of about 7) after photolysis with, for example, a 
solution of di-isopropylethylamine (DIEA) in methylene 
chloride for about 5 minutes. 

The first monomer is then placed at the first 
locations on the substrate. After irradiation, the slide 
is removed, treated in bulk, and then reinstalled in the 
flow cell. Alternatively, a fluid containing the first 
monomer, preferably also protected by a protective group, 
is circulated through the cavity by way of pump 116. If, 
for example, it is desired to attach the amino acid Y to 
the substrate at the first locations, the amino acid Y 
(bearing a protective group on its ce-nitrogen) , along 
with reagents used to render the monomer reactive, and/ or 
a carrier, is circulated from a storage container 118, 
through the pump, through the cavity, and back to the 
inlet of the pump. 

The monomer carrier solution is, in a preferred 
embodiment, formed by mixing of a first solution 
(referred to herein as solution "A") and a second 
solution (referred to herein as solution "B") . Table 2 
provides an illustration of a mixture which may be used 
for solution A. 
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Table 2 

pp presentative Monomer Car rier Solution "A" 



100 mg NVOC amino protected amino acid 
37 mg HOBT (1-Hydroxybenzotriazole) 

250 nl DMF ( Dimethyl formamide) 
86 Ml DIEA (Diisopropylethylamine) 



The composition of solution B is illustrated in 
Table 3. Solutions A and B are mixed and allowed to 
react at room temperature for about 8 minutes, then 
diluted with 2 ml of DMF, and 500 /xl are applied to the 
surface of the slide or the solution is circulated 
through the reactor system and allowed to react for about 
2 hours at room temperature. The slide is then washed , 
with DMF, methylene chloride and ethanol. 

Table 3 

Re presentative Monomer Car rier Solution "B" 



250 /ll DMF 

111 mg BOP (Benzotriazolyl-n-oxy-tris(dimethylamino) 
phosphon iumhexa f luor ophosphate ) 

As the solution containing the monomer to be 
attached is circulated through the cavity, the amino acid 
or other monomer will react at its carboxy terminus with 
amino groups on the regions of the substrate which have 
been deprotected. Of course, while the invention is 
illustrated by way of circulation of the monomer through 
the cavity, the invention could be practiced by way of 
removing the slide from the reactor and submersing it in 
an appropriate monomer solution. 
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After addition of the first monomer, the 
solution containing the first amino acid is then purged 
from the system. After circulation of a sufficient 
amount of the DMF/methylene chloride such that removal of 
the amino acid can be assured (e.g., about 50x times the 
volume of the cavity and carrier lines) , the mask or 
substrate is repositioned, or a new mask is utilized such 
that second regions on the substrate will be exposed to 
light and the light 124 is engaged for a second exposure. 
This will deprotect second regions on the substrate and 
the process is repeated until the desired polymer 
sequences have been synthesized. 

The entire derivatized substrate is then 
exposed to a receptor of interest, preferably labeled 
with, for example, a fluorescent marker, by circulation 
of a solution or suspension of the receptor through the 
cavity or by contacting the surface of the slide in bulk. 
The receptor will preferentially bind to certain regions 
of the substrate which contain complementary sequences. 

Antibodies are typically suspended in what is 
commonly referred to as "supercocktail, " which may be, 
for example, a solution of about 1% BSA (bovine serum 
albumin), 0.5% /1 «wee» in PBS (phosphate buffered saline) 
buffer. The antibodies are diluted into the 
supercocktail buffer to a final concentration of, for 
example, about 0.1 to 4 pq/ml. 

Fig. 8B illustrates an alternative preferred 
embodiment of the reactor shown in Fig. 8A. According 
to this embodiment, the mask 128 is placed directly in 
contact with the substrate. Preferably, the etched 
portion of the mask is placed face down so as to reduce 
the effects of light dispersion. According to this 
embodiment, the imaging lenses 120 and 126 are not 
necessary because the mask is brought into close 
35 proximity with the substrate. 
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For purposes of increasing the signal-to-noise 
ratio of the technique, some embodiments of the invention 
provide for exposure of the substrate to a first labeled 
or unlabeled receptor followed by exposure of a labeled, 
5 second receptor (e.g., an antibody) which binds at 

multiple sites on the first receptor. If, for example, 
the first receptor is an antibody derived from a first 
species of an animal, the second receptor is an antibody 
derived from a second species directed to epitopes 

10 associated with the first species, in the case of a 

mouse antibody, for example, fluorescent ly labeled goat 
antibody or antiserum which is antimouse may be used to 
bind at multiple sites on the mouse antibody, providing 
several times the fluorescence compared to the attachment 

15 of a single mouse antibody at each binding site. This 

process may be repeated again with additional antibodies 
(e.g., goat-mouse-goat, etc.) for further signal 
amplification. 

In preferred embodiments an ordered sequence of 

20 masks is utilized. in some embodiments it is possible to 
use as few as a single mask to synthesize all of the 
possible polymerE of a given monomer set. 

If, for example, it is desired to synthesize 
all 16 dinucleotides from four bases, a 1 cm square 

25 synthesis region is divided conceptually into 16 boxes, 
each 0.25 cm wide. Denote the four monomer units by A, 
B, C, and D. The first reactions are carried out in four 
vertical columns, each 0.25 cm wide. The first mask 
exposes the left-most column of boxes, where A is 

30 coupled. The second mask exposes the next column, 

where B is coupled; followed by a third mask, for the 
C column; and a final mask that exposes the right-most 
column, for D. The first, second, third, and fourth 
masks may be a single mask translated to different 

35 locations. 
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The process is repeated in the horizontal 
direction for the second unit of the dimer. This time, 
the masks allow exposure of horizontal rows, again 
0.25 cm wide. A, B, C, and D are sequentially coupled 
using masks that expose horizontal fourths of the 
reaction area. The resulting substrate contains all 
16 dinucleotides of four bases. 

The eight masks used to synthesize the 
dinucleotide are related to one another by translation or 
rotation. In fact, one mask can be used in all eight 
steps if it is suitably rotated and translated. For 
example, in the example above, a mask with a single 
transparent region could be sequentially used to expose 
each of the vertical columns, translated 90°, and then 
sequentially used to allow exposure of the horizontal 
rows . 

Tables 4 and 5 provide a simple computer 
program in Quick Basic for planning a masking program and 
a sample output, respectively, for the synthesis of a 
polymer chain of three monomers ("residues") having 
three different monomers in the first level, four 
different monomers in the second level, and five 
different monomers in the third level in a striped 
pattern. The output of the program is the number of 
cells, the number of "stripes" (light regions) on each 
mask, and the amount of translation required for each 
exposure of the mask. 
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Table 4 
Mask Str at-ppiV Program 



DEFINT A-Z 

DIM b(20), w(20), 1(500) 
F$ - "LPT1 : " 

OPEN f$ FOR OUTPUT AS #1 

i_. T _ •> 'Number of residues 0 , 

Ml) - 3: b(2) - 4^(3) - 5 'Number of building blocks for res 1.2,3 

g - 1: lmax(l) - 1 

FOR j - 1 TO jmax: g- g * b(j): NEXT j 
w(0) - 0: w(l) - g / b(l) 

PRINT #1. "MASK2.BAS -. DATE$, TIME$ : PRINT #1, 
PRINT #l', USING "Number of residues-**" ; jmax 

PRINT ll] HAT* Residue ## ## building blocks" ; j ; b( j ) 

NEXT j 

PRINT #l ', USING "Number of cells-####" ; g: PRINT #1, 

FOR j - 2 TO jmax 

lmax(j) - lmax(j - 1) * b(j - 1) 

w(j) - w(j - 1) / b(j) 

NEXT j 

FOR j - 1 TO jmax 

PRINT #1, USING "Mask for residue ##" ; j: PRINT #1, 
PRINT #l', USING " Number of stripes-###" ; lmax(j) 
PRINT USING " Width of each stripe-###" ; w(j) 
FOR 1 - 1. TO lmax(j) 
a - 1 + (1 - 1) * «(j - D 

XintM W U J SING " Stripe ## begins at location ### and ends at ###■; 1; a; ae 
NEXT 1 

SSt II'. USING " For each of ## building blocks, translate mask by ## 

cell(s)"; b(j); w(j), 

PRINT #1, : PRINT #1, : PRINT #1, 

NEXT j 



C ° Copyright 1990 ^Aff^naax-N-iL. 
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Table 5 
Masking Strategy Output 



Number of residues- 3 



Residue 1 
Residue 2 
Residue 3 



3 building blocks 

4 building blocks 

5 building blocks 



Number of cells- 60 

Mask for residue 1 

Number of stripes- 1 
Width of each stripe- 20 

Stripe 1 begins at location 1 and ends at 20 
For each of 3 building blocks, translate mask by 

Mask for residue 2 

Number of stripes- 3 
Width of each stripe- 5 

Stripe 1 begins at location 1 and ends at 5 
Stripe 2 begins at location 21 and ends at 25 
Stripe 3 begins at location 41 and ends at 45 

For each of 4 building blocks, translate mask by 
Mask for residue 3 



Number of stripes- 12 
Width of each stripe- 1 



Stripe 


1 


begins 


at 


location 


1 


and 


ends 


at 


1 


Stripe 


2 


begins 


at 


location 


6 


and 


ends 


at 


6 


Stripe 


3 


begins 


at 


location 


11 


and 


ends 


at 


11 


Stripe 


4 


begins 


at 


location 


16 


and 


ends 


at 


16 


Stripe 


5 


begins 


at 


location 


21 


and 


ends 


at 


21 


Stripe 


6 


begins 


at 


location 


26 


and 


ends 


at 


26 


Stripe 


7 


begins 


at 


location 


31 


and 


ends 


at 


31 


Stripe 


8 


begins 


at 


location 


36 


and 


ends 


at 


36 


Stripe 


9 


begins 


at 


location 


41 


and 


ends 


at 


41 


Stripe 


10 


begins 


at 


location 


46 


and 


ends 


at 


46 


Stripe 


11 


begins 


at 


location 


51 


and 


ends 


at 


51 


Stripe 12 


begins 


at 


location 


56 


and 


ends 


at 


56 



For each of 5 building blocks, translate mask by 



5 cell(s) 



1 cell(s) 
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V. po+-ai, l6 of One Elp V^ynent of 
n piiinrpsnent D etection Device 

Fig. 9 illustrates a fluorescent detection 
device for detecting f luorescently labeled receptors 
on a substrate. A substrate 112 is placed on an x/y 
translation table 202. In a preferred embodiment the x/y 
translation table is a model no. PM500-A1 manufactured 
by Newport Corporation. The x/y translation table is 
connected to and controlled by an appropriately 
programmed digital computer 204 which may be, for 
example, an appropriately programmed IBM PC/AT or AT 
compatible computer. Of course, other computer systems, 
special purpose hardware, or the like could readily be 
substituted for the AT computer used herein for 
illustration. Computer software for the translatxon 
and data collection functions described herein can be 
provided based on commercially available software 
including, for example, "Lab Windows" licensed by ^ 
National Instruments, which is incorporated herein by 
reference for all purposes. 

The substrate and x/y translation table are 
placed under a microscope 206 which includes one or more 
objectives 208. Light (about 488 nm) from a laser 210, 
which in some embodiments is a model no. 2020-05 argon 
ion laser manufactured by Spectraphysics, is directed at 
the substrate by a dichroic mirror 207 which passes 
greater than about 520 nm light but reflects 488 nm 
light. Dichroic mirror 207 may be, for example, a model 
no. FT510 manufactured by Carl Zeiss. Light reflected 
from the mirror then enters the microscope 206 which may 
be, for example, a model no. Axioscop 20 manufactured 
by Carl Zeiss. Fluoresce in-marked materials on the 
substrate will fluoresce >488 nm light, and the 
fluoresced light will be collected by the microscope 
and passed through the mirror. The fluorescent light 
from the substrate is then directed through a wavelength 
filter 209 and, thereafter through an aperture plate 211. 
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15 



for example, a model 
Wavelength filter 209 may £ « and apertu re 

no . OG530 manufactured by MeUe ^ 4773M/ 4773.0 

plate 211 may be, (or example, 

manufactured by carl ze "^ enters a 

The fluoresced light the^ ls a 

photomultiplier tube 212 which » u , the signal 

mod el no. R943-02 - nof ™* 14 y and photons are counted 
is amplified In ^"f^^r of photons Is recorded 
by photon counter »«• ln the computer 204. 

aa a function of the ^ , model no . SK440 

Pre-Amp 214 may be, fo exam . ^ phQton 

manufactured by Stanford manufactured by 

counter 216 may be a model - S « u th en moved 

Stanford Research Systems. The ^ 
to a subsequent location and t*. P ^ every , to 

in preferred embodiments the ^ about 0 . 8 to 

100 ,m with a data ~"£££T£ sufficiently high 
10 ,m preferred. ^IcO^^roadf ield illumination 
a. fluorescence, a CCDjde 

Is utilized. , photons generated in 

> B y counting the number of P ^ possible to 

a oiven area in response to ^ ^ eoules a re located 
d etermine where ^ "\„ a slide which has a 

on ths substrate. ""^"^ , synthesized on the 
matrix of polypeptides, fo examp . ^ of the 

!S surface thereof , it is f lu orescently marKed 

polypeptides is complementary to 

rMePt0r - According to ^^ T^'Jt, 
30 intensity and ™ ^ ^ 

substrate »J?£ 3 £XZJ*~«- ^ W 

maxU^ — ^ BlnlBl " n9 

bacKground^noise.^ 

35 illustrated primarily ^ find application 
of marked receptors, the inven 
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in other areas. For example, the detection apparatus 
disclosed herein could be used in the fieids of 
catalysis, DNA or protein gel scanning/and the like. 

VI - Peterminftion of B .^ t j.- 

Bindlnq Strength nf SSSSBtBSM 

The signal-to-noise ratio of the present 
invention is sufficiently high that not only can the 
presence or absence of a receptor on a ligand be 
detected, but also the relative binding affinity o, 
receptors to a variety of sequences can be determined. 

bin* * ^ PraCtice " ls fou "« th« a receptor win 
bind to several peptide sequences in an array, but will 
bind much more stronclv to „ 

n-,-™.. „• ... sequences than others. 

Strong binding affinity win be evidenced herein by a 
strong fluorescent or radiographic signal since many 

bound I' " SS ln 8 re ' io " ° f * wrongly 

bound Ugand. Conversely, a weak binding affinity will 

^ evidenced by a weak fluorescent or radiographic s al 

which b! r " ely ^ ~ ° f *~ "°^-'es 
Ucand tV" " Partl ° Ular •* * substrate having a 

Ugand with a weak binding affinity for the receptor 
consequently it becomes possible to determine relet ve 
binding avidity (or affinity in the case of univalent 
interactions, of a ligand herein by way of the intensity 
of a fluorescent or radiographic signal in a region 
containing that ligand. 

Semiquantitative data on affinities might 
also be obtained by varying washing conditions and 
concentrations of the receptor. This would be done by 
comparison to Known ligand receptor pairs, for exampil. 

VII. Examples 

The following examples are provided to 
illustrate the efficacy of the inventions herein. All 
operations were conducted at about ambient temperatures 
and pressures unless indicated to the contrary. 
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A . Slide Preparation 

Before attachment of reactive groups it 
preferred to clean the substrate which is, in a preferred 
'embodiment a glass substrate such as ^^^^ 
oH« According to one embodiment the slide is 

or COVer Slip. ACCoramy »- , „ 

! „ <n an alkaline bath consisting of, for example, 

of sodium hydroxide for 12 hours. The slides are then 
under running water and allowed to arr dry, and 
rinsed once with a solution of 95% ethanol. 

The slides are then aminated with, for example, 
aminopropyltriethoxysilane for the purpose of attaching 
a^no gr^ps to the giass surface on linger molecules 
although any omega functionalUed silane could also 
used for this purpose. In one embedment 0.1% 
aminopropyltriethoxysilane is utilized 
solutions with concentrations from 10 '% to 10% may be 
used, with about 10"'% to 2% preferred. A 0 1% -« ure 
is prepared by adding to 100 ml of a 95% ethanol/5% water 
fixture. 100 microliters <„!> =f aminopropyltnethoxy- 
silane. The mixture is agitated at about ambient 
temperature on a rotary shaKer for about * «~ 
500 ,1 of this mixture is then applied to the ^ £ace 
sou hj. _ 1<-q= lifter 4 minutes, the 

of one side of each cleaned slide. After 
slides are decanted of this solution and rinsed three 
times by dipping in, for example, 100% ethanoK 

After the plates dry, they are placed in a 
110-120-C vacuum oven for about 20 minutes, and then 
anowed to cure at room temperature for about 12 hours 
in al argon environment. The slides are then dxpped into 
D L"dimethylformamide, solution, followed by a thorough 
washing with methylene chloride. _ 

The aminated surface of the slide is then 
exposed to about 500 ,1 of, for example, a 30 < -i»« 1 « 
solution of HVOC-GABA (gamma amino butync acid) NH. 
' ( M-hydroxysuccinimide) in D«F for attachment of a NVOC- 
GABA to each of the amino groups. 
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The surface is washed with, for example, DMF, 

methylene chloride, and ethanol. 

Any unreacted aminopropyl silane on the 
surface-that is, those amino groups which have not had 
the ™C- G ABA attached-are now capped with acetyl groups 
5 (to prevent further reaction) by exposure to a 1:3 
mixture of acetic anhydride in pyridine for 1 hour, 
mixture o* i-his residual capping 

Other materials which may perform this resid ™ 
function include trifluoroacetic anhydnde or, c 
*nhvdride or other reactive acylating agents. Finally, 
° t r s iides are washed again with DMF , methylene chlor.de, 
and ethanol. 

B * Fig^lO illustlatesTpoLiJ synthesi! of 
15 the eight trimers of the two-monomer set: gly, 

(represented by "A" and »B,» respectively). A glass 
slide bearing silane groups terminating in 6-mtro- 
veratryloxycarboxamide (NVOC-NH) residues is 
as a substrate. Active esters (pentaf luorophenyl , OBt, 
20 etc ) of gly and phe protected at the amino group with 
NVOC are prepared as reagents. While not pertinent to 
this example, if side chain protecting groups are 
required for the monomer set, these must not be 
25 photoreactive at the wavelength of light used to 
protect the primary chain. 

For a monomer set of size n, n x t cycles 
are required to synthesize all possible sequences of 

length t. A cycle consists of: 

1 irradiation through an appropriate mask 
30 ' to expose the amino groups at the sites 

where the next residue is to be added, 
with appropriate washes to remove the 
by-products of the deprotection. 
2 Addition of a single activated and 
35 protected (with the same photochemical ly- 

removable group) monomer, which will react 

id 
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only at the sites addressed in step 1, with 
appropriate washes to remove the excess 
reagent from the surface. 
The above cycle is repeated for each member of 
the monomer set until each location on the surface has 
been extended by one residue in one embodiment. In other 
embodiments, several residues are sequentially added at 
one location before moving on to the next location. 
Cycle times will generally be limited by the coupling 
reaction rate, now as short as 20 min in automated 
peptide synthesizers. This step is optionally followed 
by addition of a protecting group to stabilize the array 
for later testing. For some types of polymers 
(e.g., peptides), a final deprotection of the entire 
surface (removal of photoprotective side chain groups) 
may be required. 

More particularly, as shown in Fig. 10A, the 
glass 20 is provided with regions 22, 24, 26, 28, 30, 32, 
34, and 36. Regions 30, 32, 34, and 36 are masked, as 
shown in Fig. 10B and the glass is irradiated and ex- 
posed to a reagent containg "A" (e.g., gly) , with the 
resulting structure shown in Fig. 10C. Thereafter, 
regions 22, 24, 26, and 28 are masked, the glass is 
irradiated (as shown in Fig. 10D) and exposed to a 
reagent containing "B" (e.g. , phe) , with the resulting 
structure shown in Fig. 10E. The process proceeds, 
consecutively masking and exposing the sections as shown 
until the structure shown in Fig. 10M is obtained. The 
glass is irradiated and the terminal groups are, 
optionally, capped by acetylation. As shown, all 
possible trimers of gly/phe are obtained. 

In this example, no side chain protective 
group removal is necessary. If it is desired, side chain 
deprotection may be accomplished by treatment with 
ethanedithiol and trif luoroacetic acid. 

In general, the number of steps needed to 
obtain a particular polymer chain is defined by: 
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n x I (l) 

where : 

5 n = the number of monomers in the basis set of 

monomers , and 

Z = the number of monomer units in a polymer 

chain. 

Conversely, the synthesized number of sequences 
10 of length £ will be: 

n*. (2) 

Of course, greater diversity is obtained by 
15 using masking strategies which will also include the 
synthesis of polymers having a length of less than t. 
If, in the extreme case, all polymers having a length 
less than or equal to £ are synthesized, the number of 
polymers synthesized will be: 
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n e + n t_1 + ... + n 1 . (3) 



The maximum number of lithographic steps needed 
will generally be n for each "layer" of monomers, i.e., 

25 the total number of masks (and, therefore, the number of 
lithographic steps) needed will be n x £. The size of 
the transparent mask regions will vary in accordance with 
the area of the substrate available for synthesis and the 
number of sequences to be formed. In general, the size 

30 of the synthesis areas will be: 



size of synthesis areas = A (A) / (S) 



where : 



35 A is tn e total area available for synthesis; 

and 
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area. 
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8 is the number of sequences desired in the 
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It will be appreciated by those of skill in 
5 the art that the above method could readily be used to 

simultaneously produce thousands or millions of oligomers 
on a substrate using the photolithographic techniques 
disclosed herein. Consequently, the method results in 
the ability to practically test large numbers of, for 
10 example, di, tri, tetra, penta, hexa, hepta, 

octapeptides, dodecapeptides, or larger polypeptides 
(or correspondingly, polynucleotides) . 

The above example has illustrated the method 
by way of a manual example, it will of course be 
15 appreciated that automated or semi-automated methods 

could be used. The substrate would be mounted in a flow 
cell for automated addition and removal of reagents, to 
minimize the volume of reagents needed, and to more 
carefully control reaction conditions. Successive masks 
could be applied manually or automatically. 



c * Synthesis of a n jmer of an Aminnp rnpyi 
Group and a Fluorescent Group 
In synthesizing the dimer of an aminopropyl 

25 group and a fluorescent group, a functional ized durapore 
membrane was used as a substrate. The durapore membrane 
was a polyvinyl idine difluoride with aminopropyl groups. 
The aminopropyl groups were protected with the DDZ group 
by reaction of the carbonyl chloride with the amino 

30 groups, a reaction readily known to those of skill in 
the art. The surface bearing these groups was placed 
in a solution of THF and contacted with a mask bearing 
a checkerboard pattern of 1 mm opaque and transparent 
regions. The mask was exposed to ultraviolet light 

35 having a wavelength down to at least about 280 nm for 

about 5 minutes at ambient temperature, although a wide 
range of exposure times and temperatures may be 
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appropriate in various embodiments of the invention. 
For example, in one embodiment, an exposure time of 
between about 1 and 5000 seconds may be used at process 
temperatures of between -70 and +50 "C. 

In one preferred embodiment, exposure times of 
between about 1 and 500 seconds at about ambient pressure 
are used. In some preferred embodiments, pressure above 
ambient is used to prevent evaporation. 

The surface of the membrane was then washed for 
about 1 hour with a fluorescent label which included an 
active ester bound to a chelate of a lanthanide. Wash 
times will vary over a wide range of values from about a 
few minutes to a few hours. These materials fluoresce 
in the red and the green visible region. After the 
reaction with the active ester in the fluorophore was 
complete, the locations in which the fluorophore was 
bound could be visualized by exposing them to ultraviolet 
light and observing the red and the green fluorescence. 
It was observed that the derivatized regions of the 
substrate closely corresponded to the original pattern 
of the mask. 

D. Demonstration of Signal Capability 

Signal detection capability was demonstrated 
using a low-level standard fluorescent bead kit 

Strand a* c*_S 

c\ manufactured by Flow Cytometry^ S tandarda and having model 
no. 824. This kit includes 5.8 /xm diameter beads, each 
impregnated with a known number of fluorescein molecules. 

One of the beads was placed in the illumination 
field on the scan stage as shown in Fig. 9 in a field of 
a laser spot which was initially shuttered. After being 
positioned in the illumination field, the photon 
detection equipment was turned on. The laser beam was 
unblocked and it interacted with the particle bead, 
which then fluoresced. Fluorescence curves of beads 

d impregnated with y7 , 000; 13, 000 > and 30 - , 000 fluorescein 

//A- a nO( ii 8 

0) molecules, are shown in Figs.^iiA^ — 1 1 B, and 11C 
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respectively. On each curve, traces for beads without 
fluorescein molecules are also shown. These experiments 
were performed with 488 nm excitation, with 100 M W of 
laser power. The light was focused through a 40 power 

0.75 NA objective. 

The fluorescence intensity in all cases started 
off at a high value and then decreased exponentially. 
The fall-off in intensity is due to photobleachmg of 
the fluorescein molecules. The traces of beads without 
fluorescein molecules are used for background 
subtraction. The difference in the initial exponential 
decay between labeled and nonlabeled beads is integrated 
to give the total number of photon counts, and this 
number is related to the number of molecules per bead. 
Therefore, it is possible to deduce the number of photons 
per fluorescein molecule that can be detected. For the 
q curves illustrated in^'lig^this calculation indicates 
the radiation of about 40 to 50 photons per fluorescein 
molecule are detected. 

E . Determinat ion, of the Number of, 
MAiemififi Per TT n it Area 
Aminopropylated glass microscope slides 
prepared according to the methods discussed above were 
utilized in order to establish the density of labeling of 
the slides. The free amino termini of the slides were 
reacted with FITC (fluorescein isothiocyanate) which 
forms a covalent linkage with the amino group. The slide 
is then scanned to count the number of fluorescent 
photons generated in a region which, using the estimated 
40-50 photons per fluorescent molecule, enables the 
calculation of the number of molecules which are on the 

surface per unit area. 

A slide with aminopropyl silane on its surface 

was immersed in a 1 mM solution of FITC in DMF for 

1 hour at about ambient temperature. After reaction, the 

slide was washed twice with DMF and then washed with 
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ethanol, water, and then ethanol again. It was then 
dried and stored in the dark until it was ready to be 
examined . 

Through the use of curves similar to those 
a shown in, F ^l*: rf and by integrating the fluorescent 
counts under the exponentially decaying signal, the 
number of free amino groups on the surface after 
0) A^a^iM^ was determined. It was determined that 
(X slides with labeling densities of l^ flu u r o ao o in per 
10 3 xl0 3 to -2x2 nm could be reproducibly made as the 
concentration of aminopropyltriethoxysilane varied from 
10" 5 % to 10" 1 %. 
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F. Removal of NVOC an d Attachment of 
15 A Fluores cent Marker 

NVOC-GABA groups were attached as described 
above. The entire surface of one slide was exposed to 
light so as to expose a free amino group at the end of 
the gamma amino butyric acid. This slide, and a 
duplicate which was not exposed, were then exposed 
to fluorescein isothiocyanate (FITC) . 

Fig. 12A illustrates the slide which was not 
exposed to light, but which was exposed to FITC. The 
units of the x axis are time and the units of the y axis 
are counts. The trace contains a certain amount of 
background fluorescence. The duplicate slide was exposed 
to 350 nm broadband illumination for about 1 minute 
(12 mW/cm 2 , -350 nm illumination), washed and reacted 
with FITC. The fluorescence curves for this slide are 
shown in Fig. 12B. A large increase in the level of 
fluorescence is observed, which indicates photolysis 
has exposed a number of amino groups on the surface of 
the slides for attachment of a fluorescent marker. 
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G. Use of a Mask i n Removal of NVOC 

The next experiment was performed with a 0.1% 
aminopropylated slide. Light from a Hg-Xe arc lamp 
was imaged onto the substrate through a laser-ablated 
5 chrome-on-glass mask in direct contact with the 
substrate . 

This slide was illuminated for approximately 5 
minutes, with 12 mW of 350 nm broadband light and then 
reacted with the 1 mM FITC solution. It was put on the 

10 laser detection scanning stage and a graph was plotted as 
a two-dimensional representation of position color-coded 
for fluorescence intensity. The fluorescence intensity 
(in counts) as a function of location is given on the 
color scale to the right of Figure 13A for a mask having 

15 100x100 /nm squares. j 

The experiment was repeated a number of times 
through various masks. The fluorescence pattern for a 
50 nm mask is illustrated in Fig. 13B, for a 20 pm mask 
in Fig. 13C, and for a 10 nm mask in Fig. 13D. The mask 
20 pattern is distinct down to at least about 10 /ra squares 
using this lithographic technique. 

H « Attachment of Y GGFL and Subsequent Exposure to 
Herz A ntibody and Goat Antimouse 

25 In order to establish that receptors to a 

particular polypeptide sequence would bind to a surface- 
bound peptide and be detected, Leu enkephalin was coupled 
to the surface and recognized by an antibody. A slide 
was derivatized with 0.1% amino propyl-triethoxysilane 

30 and protected with NVOC. A 500 jim checkerboard mask was 
used to expose the slide in a flow cell using backside 
contact printing. The Leu enkephalin sequence {H 2 N- 
tyrosine , glycine , glycine , phenylalanine , leucine-C0 2 H , 
otherwise referred to herein as YGGFL) was attached via 

35 its carboxy end to the exposed amino groups on the 
surface of the slide. The peptide was added in DMF 
solution with the BOP/HOBT/DIEA coupling reagents and 
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recirculated through the flow cell for 2 hours at room 
temperature . 

A first antibody, known as the Herz antibody, 
was applied to the surface of the slide for 45 minutes 
at 2 /ig/ml in a supercocktail (containing 1% BSA and 
1% ovalbumin also in this case) . A second antibody, 
goat anti-mouse fluorescein conjugate, was then added 
at 2 /ig/ml in the supercocktail buffer, and allowed to 
incubate for 2 hours. 

The rooulto of thio experiment are pr o vided in 
o Fig. 14. — Again, thic figuro illuctratuu flu u reac e ncr; 
Q jntonsity a» a function of pn«;itinn. — The f l u o r es cence 
a, ooalo io oh o wn o n th e r i ght, according t o th a n olo r 
k c o ding . — This imag e w as t ak en at 10 ;im step s-. — Thio 
a jfrlffaC V indi^t a rth^ n^oAy can deprotection be 

carried out in a well defined pattern, but also that (1) 
the method provides for successful coupling of peptides 
to the surface of the substrate, (2) the surface of a 
bound peptide is available for binding with an antibody, 
and (3) that the detection apparatus capabilities are 
sufficient to detect binding of a receptor. 



25 



I. Monomer-bv-Monomer Form ation of YGGFL and 
Subsequent Exposure to Labeled Antibody 
Monomer-by-monomer synthesis of YGGFL and GGFL 
in alternate squares was performed on a slide in a 
checkerboard pattern and the resulting slide was exposed 
to the Herz antibody. This experiment and the results 
3 thereof are illustrated in Figs.^ ISA^-iSSy- 15G, and 15D > 
30 ^ m Fig. ilA, a slide is shown which is 

derivatized with the aminopropyl group, protected in this 
case with t-BOC (t-butoxycarbonyl) . The slide was 
treated with TFA to remove the t-BOC protecting group. 
E-aminocaproic acid, which was t-BOC protected at its 
35 amino group, was then coupled onto the aminopropyl 

groups. The aminocaproic acid serves as a spacer between 
the aminopropyl group and the peptide to be synthesized. 
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The amino end of the <sr. a ^~ 
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J. Monomer-bv-Monoroer Synthesis of YGGFL and PGGFL 
A synthesis using a 50 /xm checkerboard mask 
0[ similar to that shown in Fig. ,15-' was conducted. However, 
5 P was added to the GGFL sites on the substrate through an 
additional coupling step. P was added by exposing 
q protected GGFL to light ^r^ngli'^^'nlcf" a nd oubooqu enoe 
exposure to P in the manner set forth above. Therefore, 
half of the regions on the substrate contained YGGFL and 
IQ the remaining half contained PGGFL. 

The fluorescence plot for this experiment is 
provided in Fig. 16. As shown, the regions are again 
readily discernable. This experiment demonstrates that 
antibodies are able to recognize a specific sequence and 
15 that the recognition is not length-dependent. 

K. Monomer-bv-Monomer Synthesis 
of YGGFL and Y PGGFL 

In order to further demonstrate the operability 
20 of the invention, a 50 urn checkerboard pattern of 

alternating YGGFL and YPGGFL was synthesized on a 

substrate using techniques like those set forth above. 

The resulting fluorescence plot is provided in Fig. 17. 

Again, it is seen that the antibody is clearly able 
25 to recognize the YGGFL sequence and does not bind 

significantly at the YPGGFL regions. 

L. Synthesis of an Array of Sixteen Different 

Amino Acid Sequences and Estimation of Relative 
30 Binding Affinity to Herz Antibody 

Using techniques similar to those set forth 
above, an array of 16 different amino acid sequences 
(replicated four times) was synthesized on each of two 
glass substrates. The sequences were synthesized by 
35 attaching the sequence NVOC-GFL across the entire 

surface of the slides. Using a series of masks, two 
layers of amino acids were then selectively applied 

9? 
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to the substrate. Each region had dimensions of 
0.25 cm x 0.0625 cm. The first slide contained amino 
acid sequences containing only L amino acids while the 
second slide contained selected D amino acids. Figs. 18A 
5 and 18B illustrate a map of the various regions on the 
first and second slides, respectively. The patterns 
shown in Figs. 18A and 18B were duplicated four times on 
each slide. The slides were then exposed to the Herz 
antibody and f luorescein-labeled goat anti-mouse. 

10 Fig. 19 is a fluorescence plot of the first 

slide, which contained only L amino acids. Red indicates 
strong binding (149,000 counts or more) while black 
indicates little or no binding of the Herz antibody 
(20,000 counts or less). The bottom right-hand portion 

15 of the slide appears "cut off" because the slide was 

broken during processing. The sequence YGGFL is clearly 
most strongly recognized. The sequences YAGFL and YSGFL 
also exhibit strong recognition of the antibody. By 
contrast, most of the remaining sequences show little or 

20 no binding. The four duplicate portions of the slide are 
extremely consistent in the amount of binding shown 
therein. 

Fig. 20 is a fluorescence plot of the second 
slide. Again, strongest binding is exhibited by the 
25 YGGFL sequence. Significant binding is also detected to 
YaGFL, YsGFL, and Y P GF ^ The remaining sequences show 
less binding with the antibody. Note the low binding 
efficiency of the sequence yGGFL. 

Table 6 lists the various sequences tested 
30 in order of relative fluorescence, which provides 
information regarding relative binding affinity. 
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Table 6 
Apparent Binding to Herz Ab 



L-a . a . Set 


D-a.a. Set 


YGGFL 


YGGFL 


YAGFL 


YaGFL 


YSGFL 


YsGFL 


LGGFL 


YpGFL 


FGGFL 


fGGFL 


YPGFL 


yGGFL 


LAGFL 


faGFL 


FAGFL 


WGGFL 


WGGFL 


yaGFL 




fpGFL 




waGFL 



VIII. Illustrative Alternative Embodiment 

According to an alternative embodiment of the 
invention, the methods provide for attaching to the 
surface a caged binding member which in its caged form 
has a relatively low affinity for other potentially 
binding species, such as receptors and specific binding 
G» substances. feeefera^Beg ?rT more fully ieacritred 

fipptpmb e r 0, 1000, — an d incorporated h e r e in by reference 
<a -f^r all p\irpo-irn ■ 

According to this alternative embodiment, the 
invention provides methods for forming predefined regions 
on a surface of a solid support, wherein the predefined 
regions are capable of immobilizing receptors. The 
methods make use of caged binding members attached to the 
surface to enable selective activation of the predefined 
regions. The caged binding members are liberated to act 
as binding members ultimately capable of binding 
receptors upon selective activation of the predefined 
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regions. The activated binding members are then used to 
immobilize specific molecules such as receptors on the 
predefined region of the surface. The above procedure is 
repeated at the same or different sites on the surface so 
as to provide a surface prepared with a plurality of 
regions on the surface containing, for example, the same 
or different receptors, when receptors immobilized in 
this way have a differential affinity for one or more 
ligands, screenings and assays for the ligands can be 
conducted in the regions of the surface containing the 
receptors . 

The alternative embodiment may make use of 
novel caged binding members attached to the substrate. 
Caged (unactivated) members have a relatively low 
affinity for receptors of substances that specifically 
bind to uncaged binding members when compared with the 
corresponding affinities of activated binding members. 
Thus, the binding members are protected from reaction 
until a suitable source of energy is applied to the 
regions of the surface desired to be activated. Upon 
application of a suitable energy source, the caging 
groups labilize, thereby presenting the activated binding 
member, a typical energy source will be light. 

Once the binding members on the surface are 
activated they may be attached to a receptor. The 
receptor chosen may be a monoclonal antibody, a nucleic 
acid sequence, a drug receptor, etc. The receptor will 
usually, though not always, be prepared so as to permit 
attaching it, directly or indirectly, to a binding 
member. For example, a specific binding substance having 
a strong binding affinity for the binding member and a 
strong affinity for the receptor or a conjugate of the 
receptor may be used to act as a bridge between binding 
members and receptors if desired. The method uses a 
receptor prepared such that the receptor retains its 
activity toward a particular ligand. 
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Preferably, the caged binding member attached 
to the solid substrate will be a photoactivatable biotin 
complex, i.e., a biotin molecule that has been chemically 
modified with photoactivatable protecting groups so that 
5 it has a significantly reduced binding affinity for 

avidin or avidin analogs than does natural biotin. In a 
preferred embodiment, the protecting groups localized in 
a predefined region of the surface will be removed upon 
application of a suitable source of radiation to give 

10 binding members, that are biotin or a functionally 

analogous compound having substantially the same binding 
affinity for avidin or avidin analogs as does biotin. 

In another preferred embodiment, avidin or an 
avidin analog is incubated with activated binding members 

15 on the surface until the avidin binds strongly to the 

binding members. The avidin so immobilized on predefined 
regions of the surface can then be incubated with a 
desired receptor or conjugate of a desired receptor. The 
receptor will preferably be biotinylated, e.g., a 

20 biotinylated antibody, when avidin is immobilized on the 
predefined regions of the surface. Alternatively, a 
preferred embodiment will present an avidin/biotinylated 
receptor complex, which has been previously prepared, to 
activated binding members on the surface. 

25 

IX. Conclusion 

The present inventions provide greatly improved 
methods and apparatus for synthesis of polymers on 
substrates. It is to be understood that the above 

30 description is intended to be illustrative and not 

restrictive. Many embodiments will be apparent to those 
of skill in the art upon reviewing the above description. 
By way of example, the invention has been described 
primarily with reference to the use of photoremovable 

35 protective groups, but it will be readily recognized by 

those of skill in the art that sources of radiation other 
than light could also be used. For example, in some 




59 



embodiments it may be desirable to use protective 
groups which are sensitive to electron beam irradiation, 
x-ray irradiation, in combination with electron beam 
lithograph, or x-ray lithography techniques. 
Alternatively, the group could be removed by exposure 
to an electric current. The scope of the invention 
should, therefore, be determined not with reference to 
the above description, but should instead be determined 
with reference to the appended claims, along with the 
full scope of equivalents to which such claims are 
entitled. 




